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(54) MOTOR-DRIVEN POWER STEERING 

(57)Abstract 

PURPOSE: To provide a general-purpose motor-driven power 
steering applicable to industrial vehicles in a wide range. 
CONSTITUTION: There are provided a steering torque sensor for 
detecting steering torque, either one of a vehicle speed sensor for 
detecting the travel state of a vehicle and a loadage sensor 3, and 
dipping switches 4a-4c serving as selecting means for selecting 
vehicle characteristics. A storage device 1 1 is previously stored 
with numerous output current characteristics and rotating speed 
characteristics as well as with a storage table for selecting these 
characteristics by vehicle characteristic numbers and vehicle state 
parameters. These characteristics are set by the dipping switches 
4a-4c according to the item of an industrial vehicle so as to 
display steering assisting function with the characteristics suitable 
for the vehicle. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A steering torque detection means to detect the steering torque of a 
steering system, and a run state detection means to detect the run state of a car, 
Based on the motor which generates the steering auxiliary force to said steering 
system, and the detection value of said steering torque detection means, the output 
current property over the steering torque to said motor is controlled. And it sets to 
electromotive power steering equipped with the control means which controls the 
rotational-speed property over the output torque of the motor concerned based on 
the run state detection value of said run state detection means. Said control means is 
electromotive power steering characterized by having a storage means to memorize 
many output current properties and rotational-speed properties, and a selection 
means to choose each property memorized by this storage means. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is especially applied to industrial cars, such as a 
dc-battery fork lift truck, about the electromotive power steering which generates the 
steering auxiliary force with a motor, and is suitable. 
[0002] 

[Description of the Prior Art] There are some which are indicated as conventional 
electromotive power steering by JP, 1-244973, A which these people proposed 
previously. This conventional example is equipped with the storage table 
corresponding to the characteristic ray Fig. showing the relation of the steering 
torque and the motor current command value which make a parameter a vehicle 



speed detection value as shown in that Fig. 7, and he is trying to determine a 
motorised current [ based on the steering torque detection value which detected this 
storage table by the steering torque sensor ]. namely, the time of a low speed with a 
small vehicle speed detection value — being the so-called — it sets, and a big 
motorised current is generated to a steering torque detection value, and he generates 
the big steering auxiliary force, and is trying to generate a small motorised current to 
a steering torque detection value, and to generate the small steering auxiliary force in 
the end condition, at the time of the high-speed transit with a large vehicle speed 
detection value 
[0003] 

[Problem(s) to be Solved by the Invention] However, although it is a car with a small 
steering wheel load and the small ratio of a manual control force and the steering 
auxiliary force and is effective in the large car of vehicle speed variation in the 
above-mentioned conventional electromotive power steering like a passenger car If 
steering wheel loads, such as a dc-battery fork lift truck, were in the car with little 
vehicle speed variation greatly [ it is large and / the ratio of a manual control force 
and the steering auxiliary force ], there was a trouble that the steering auxiliary force 
adjustable range could not continue throughout the small vehicle speed, and a suitable 
steering feeling could not be obtained. 

[0004] Namely, on the character of the fork lift truck a steering wheel load is large and 
runs only at a low speed, While the output gain over a steering torque detection value 
will become very large as the property of the steering torque sensor which detects 
steering torque shows drawing 6 since the big steering auxiliary force is the need in all 
vehicle speed range Since the steering wheel load is large, and handle steering is 
difficult, the big steering auxiliary force is required of the smallness steering auxiliary 
force, and since the peak-output-current (motor maximum current) value of a control 
unit cannot be made not much small to vehicle speed change as shown in drawing 8 , 
the adjustable range becomes narrow. Therefore, since it set even if the motor 
current gain over steering torque hardly changes but makes it a vehicle speed 
induction mold, as shown in drawing 9 , and the control force at the time of the end 
and transit seldom changed, a property had the trouble that transit stability was 
seldom improvable, when the property of the steering auxiliary force over steering 
torque was set as the steering auxiliary force property with emphasis on the set end. 
[0005] Moreover, by controlling the rotational speed of a motor according to the run 
state, i.e., the vehicle speed, or movable load of a car Although improving steering 
feeling by setting, enlarging motor rotational speed at the time of the end, making it 
not produce regenerative braking, making motor rotational speed small according to 
the vehicle speed at the time of transit, producing regenerative braking, and giving 



steering resistance is also considered By setting and setting it as a steering auxiliary 
force property with emphasis on the time of the end, set perform light steering at the 
time of the end, according to this motor rotational-speed control, at the time of 
transit can give the steering resistance by regenerative braking, can perform heavy 
steering, but Since it did not change into the regenerative-braking condition unless it 
rotated the handle earlier than the rotational speed of a motor, there was a trouble 
that so large a control range could not be taken. 

[0006] Consequently, in order to generate the optimal auxiliary control force 
according to the run state of a car Although it is desirable to combine the both sides 
of the motor output current property over steering torque and the rotational-speed 
property over a motor output torque, by the dc-battery fork lift truck Since there are 
various types of a car from which a permissible movable load differs and a motor 
output current property naturally differs from a rotational-speed property by these 
types of a car, it is difficult to manufacture a control unit common to all types of a car, 
and the present condition is manufacturing the control unit of varieties according to a 
**** type of a car. 

[0007] Then, the purpose of this invention is to offer electromotive power steering 

applicable in common to various types of a car. 

[0008] 

[Means for Solving the Problem] In order to solve the above-mentioned technical 
problem, the electromotive power steering concerning this invention A steering torque 
detection means to detect the steering torque of a steering system as shown in the 
Fig. corresponding to a claim of drawing 1 , A run state detection means to detect the 
run state of a car, and the motor which generates the steering auxiliary force to said 
steering system, Based on the detection value of said steering torque detection 
means, the output current property over the steering torque to said motor is 
controlled. And it sets to electromotive power steering equipped with the control 
means which controls the rotational-speed property over the output torque of the 
motor concerned based on the run state detection value of said run state detection 
means. Said control means has the configuration equipped with a storage means to 
memorize many output current properties and rotational-speed properties, and a 
selection means to choose each property memorized by this storage means. 
[0009] 

[Function] While controlling the output current over the motor which generates the 
steering auxiliary force based on a steering torque detection value by this invention, 
by detecting either [ at least ] the vehicle speed or a steering wheel load with a run 
state detection means, the run state of a car is detected and the rotational speed of 
the motor corresponding to steering torque is controlled by the control means 



according to this. At this time, the control means of the electromotive power steering 
applied to various types of a car can be communalized by memorizing many properties 
beforehand and choosing with a selection means as the output current property of a 
motor, and a rotational-speed property of a motor, according to the type of a car 
which applies these properties. 
[0010] 

[Example] Drawing 2 is the block diagram showing one example at the time of applying 
this invention to the so-called counter balance type with which a steering wheel load 
decreases in the state of loading by a steering wheel load serving as max in the state 
of un-loading with a rear wheel steering mold of fork lift truck. One is a steering 
torque sensor which detects the steering torque produced according to steering of a 
steering wheel among drawing. This torque sensor 1 As shown in drawing 6 mentioned 
above, in the condition that a steering wheel is in a neutral condition Predetermined 
neutral electrical potential difference V0 If it outputs and the right end of the steering 
wheel is carried out from this the steering torque at that time — responding — 
neutral electrical potential difference V0 if the left end of the increasing electrical 
potential difference is carried out — the steering torque at that time — responding — 
neutral electrical potential difference V0 the electrical potential difference which 
decreases — respectively — torque detecting signal VT ****** — \\ outputs. 
[001 1] 2 is the vehicle speed detecting signal W which becomes with the voltage 
signal according to the vehicle speed. The speed sensor to output and which consists 
of tacometer generators, for example, and 3 are the burden detecting signal VL which 
becomes with the voltage signal according to the movable load on the fork which lays 
a loading object. It is the burden sensor to output and which consists of load cells, for 
example. Moreover, 4a-4c are the DIP switches of the triplet for car property 
selection which constitutes a selection means, and can choose the car property 
numbers A from "0" to "7." 

[0012] And the torque detecting signal VT of the steering torque sensor 1, the vehicle 
speed detecting signal VV of a speed sensor 2, and the burden detecting signal VL of 
the burden sensor 3 And the switch signal of DIP switches 4a-4c is inputted into 
steering auxiliary force-control equipment 5. This steering auxiliary force-control 
equipment 5 is the torque detecting signal VT of the steering torque sensor 1. 
Amplifier 6 and A/D converter 7 are minded. The detecting signal VV of a speed 
sensor 2, and detecting signal VL of the burden sensor 3 And the microcomputer 10 
into which the switch signal of DIP switches 4a-4c is inputted through the input 
interfaces 8a, 8b t and 8c, respectively. The storage 1 1 which consists of ROMs and 
RAM which were connected to this microcomputer 10, Motor drive current command 
value IM outputted from a microcomputer 10 And motor applied-voltage command 



value EM D/A converters 1 2 and 1 3 changed into analog voltage, It has the motor 
drive circuit 14 where the conversion output of these D/A converters 12 and 13 is 
inputted. It is the motor drive current command value IM in the motor drive circuit 14. 
And motor applied-voltage command value EM The drive current and rotational 
frequency of the direct current motor 1 5 which is based and generates steering 
auxiliary torque to a steering system are controlled. 

[001 3] Torque detection value TS based on the torque detecting signal of the steering 
torque sensor 1 beforehand shown [ the ROM ] in storage 1 1 at drawing 3 Motor drive 
current IM Nine kinds of characteristic ray drawing T1 -T9 showing relation While 
memorizing as a map The parameter chosen with DIP switches 4a-4c which 14 kinds 
of characteristic ray Fig. N1 showing the relation of the motor output torque and 
rotational frequency which are shown in drawing 4 - N14 are memorized as a map, and 
are shown in drawing 5 , The storage table which sets up an output current property 
and an engine-speed property according to the car condition mentioned later is 
memorized. 

[0014] And while a microcomputer 10 reads the switch signal of the DIPU switches 
4a-4c Based on read in and these, an output current property and a rotational 
frequency property are set up for each detection value of a speed sensor 2 and the 
burden sensor 3 with reference to the storage table of drawing 5 . Subsequently, 
torque detecting signal VT of the steering torque sensor 1 Read in and from now on, it 
will be the neutral electrical potential difference V0. It subtracts and responds in the 
direction of steering torque. Right steering Forward, Torque detection value TS which 
makes left steering negative It computes and is this torque detection value TS. The 
output current property set to the basis to motor drive current command value IM 
While computing Set-up rotational frequency NM Corresponding motor 
applied-voltage command value EM It computes and is the motor drive current 
command value IM. And motor applied-voltage command value EM Each is outputted 
to the motor drive circuit 14 through D/A converters 12 and 13. 
[0015] Next, actuation of the above-mentioned example is explained. First, when 
building steering auxiliary force-control equipment 5 into a dc-battery fork lift truck, 
the property of a dc-battery fork lift truck is grasped. In this, set and steering during 
the stop of an application type of a car beforehand [ so-called ] [ whether steering 
auxiliary torque required at the time of the end is large, and ] By investigating whether 
a wheel load change according [ whether a ratio with steering torque when it sets and 
the steering auxiliary torque and the car at the time of the end are running above the 
fixed vehicle speed is large, and ] to change of loading weight is large or small The car 
property number A which suits from car property number "0"- "7" indicated in the 
same property symmetry table as the storage table shown in drawing 5 is chosen, and 



this car property number A is set as DIP switches 4a-4c. 

[001 6] namely, when it sets and you need big steering auxiliary torque at the time of 
the end Choose and set any one of the "0"- "3" as a car property number A, and so 
big steering auxiliary torque is not needed at the time of the end. By running above the 
fixed vehicle speed, when loading weight is large, and wheel load is small, "6" or "T is 
chosen as a car property number A, and these car property numbers are set as DIP 
switches 4a-4c. 

[0017] Thus, if the start switch of a dc-battery fork lift truck is made into an ON state 
after setting up the car property number A, according to this, a power source will be 
supplied to steering auxiliary force-control equipment 5, and processing shown in 
drawing 6 with a microcomputer 10 will be performed. That is, by step **, the switch 
signal of DIP switches 4a-4c is read, and subsequently to step ** it shifts, and 
subsequently to step ** it shifts, a car sets, and each detection value of a speed 
sensor 2 and the burden sensor 3 is judged [ read in and ] for whether it is in an end 
condition. This judgment is the vehicle speed detection value VV of a speed sensor 2. 
It is under the vehicle speed threshold WT set up beforehand. And burden detection 
value VL of the burden sensor 3 When it performs by judging whether it is under the 
burden threshold VLT set up beforehand, and it is W <VVT and it is VL <VLT It sets, 
judges that it is in an end condition, and shifts to step **a, after setting the car state 
variable B as "0", it shifts to step **, and when it is VV >=VLT or VL >=VLT, it shifts 
to step **b. 

[0018] In this step **b, judge, and when it is VV >=WT or VL >=VLT, whether they 
are VV >=WT and VL >=VLT It shifts to step **c, after setting the car state variable 
B as "1", it shifts to step **, and when it is W>=VLT and VL >=VLT, after shifting to 
step **d and setting the car state variable B as "2", it shifts to step **. 
[0019] In step **, the storage table of drawing 4 is referred to based on the car 
property number A and the car state variable B, and they are a car property and the 
optimal output current property Ti for a car condition. And rotational frequency Nj 
After computing, it shifts to step **. this step ** — torque detecting signal VT of the 
steering torque sensor 1 read in — subsequently — step ** — shifting — torque 
detecting signal VT from — neutral electrical potential difference V0 It subtracts. 
Steering torque detection value TS which makes right steering as forward and makes 
left steering negative Compute and, subsequently to step **, it shifts. Output current 
property Ti in the output current property map of drawing 3 Rotational frequency Nj 
which computed the motor drive current command value IM by having referred to, 
shifted subsequently to step ** and was computed by step ** Corresponding motor 
applied-voltage command value EM After computing, it shifts to step **. 
[0020] Motor drive current command value IM computed in step ** And motor 



applied-voltage command value EM Processing is ended after outputting to the motor 
drive circuit 14 through D/A converters 12 and 13. In addition, in processing of 
drawing 6 , a car condition detection means consists of processing and the speed 
sensor 2 of step ** - **d, and a burden sensor 3, and the selection means consists of 
processing of step **, and a storage table of drawing 5 . 

[0021] Therefore, now, the car property number A is set as "0", and if a car is in a 
stop condition and considers as what has few burden, in this condition, the wheel load 
of the steering wheel by the side of a rear wheel serves as max. If processing of 
drawing 6 is performed at this time, it is the vehicle speed detecting signal W of a 
speed sensor 2. It is zero and is the burden detecting signal VL of the burden sensor 3. 
Since it is a value near zero, it shifts to step **[ from step ** ] a, and the car state 
variable B is set as "0." 

[0022] For this reason, an output current property is T1 at step **. A rotational 
frequency is N1. It is set up, respectively. Steering torque detecting signal VT 
outputted from the steering torque sensor 1 since steering torque is zero when a 
steering wheel is in the condition of not steering, in the state of neutrality at this time 
Neutral electrical potential difference V0 Steering torque detection value TS which 
has become and is computed by step ** It is zero. For this reason, since the motor 
drive current command value IM computed by step ** serves as zero and this is 
supplied to the motor drive circuit 14, in this motor drive circuit 14, supply of the drive 
current over a motor 15 is suspended, and a motor 15 is in a idle state. 
[0023] If the so-called ****** which carries out right steering (or left steering) of the 
steering wheel is performed from this non-steering neutral condition, it is the torque 
detecting signal VT of a torque sensor 1. Based steering torque detection value TS 
Set point**T1 When it exceeds Steering torque detection value TS at that time Motor 
drive current command value IM to which it responded It is computed and is a 
rotational frequency N1. Corresponding motor applied-voltage command value EM It is 
computed and these are outputted to the motor drive circuit 14. In addition, the 
detection electrical potential difference of a torque sensor 1 is a upper limit VH by the 
mechanical stopper formed in the torque sensor 1 although it is proportional to 
steering torque. And lower limit VL It does not exceed. 

[0024] Therefore, rotational frequency N1 high in the motor drive circuit 14 which is a 
motor drive current corresponding to steering torque Becoming applied voltage E1 A 
direct current motor 1 5 is supplied. Consequently, while generating the steering 
auxiliary torque according to the time of heavy loading which it is at the amount time 
of light load, and at the ****** time with a direct current motor 15, it is the high 
rotational frequency N1. Since it is set up and a steering wheel is not steered at a 
rotational frequency higher than a motor rotational frequency, regenerative braking is 



not produced with a direct current motor 15, and light steering can be performed. 
[0025] vehicle speed detecting signal W to which a car starts transit and is outputted 
from a speed sensor 2 from this ****** condition it becomes beyond the vehicle 
speed threshold VVT — if it will be in a high-speed run state comparatively, pass step 
**[ from step ** 3 b in processing of drawing 6 R> 6 — it shifts to step **c and the 
car state variable B is set as "1." For this reason, the storage table of drawing 5 is 
referred to by step **, and an output current property is T four. A rotational 
frequency is N9 while being set up. It is set up. Consequently, torque detecting signal 
VT detected by the steering torque sensor 1 Since the motor drive current supplied 
to a motor 15 is set and becomes about [ at the time of the end ] 2/3 even if it sets 
and is the same value as an end condition Since the steering auxiliary torque 
generated with a motor 15 also becomes small and the rotational frequency of a motor 
15 moreover falls to one half extent when sudden steering is performed A rotational 
frequency higher than the rotational frequency is transmitted to the output shaft of a 
motor 15 from a steering system. The output shaft of a motor 15 will rotate according 
to external force, it shifts to a regenerative-braking condition, steering resistance is 
generated, the steering feeling of a steering wheel becomes heavy according to a run 
state, and unprepared sudden steering can be prevented. 

[0026] Burden detecting signal VL to which has much loading weight of a dc-battery 
fork lift truck, and it is outputted from the burden sensor 3 on the other hand When 
large A car will shift to step **c through step **[ from step ** ] b also in the stop 
condition. If the same steering feeling as the high-speed run state mentioned above 
can be acquired from the car state variable B being set as "1", a car will start transit 
in this condition and it will be in a high-speed run state Shift to step **d from step 
**b, and the car state variable B is set as "2." An output current property is T7 at 
step **. Since a rotational frequency is set as N12 and the ratio and rotational 
frequency of the motor output current to a steering torque detecting signal become 
still smaller While the steering auxiliary torque generated with a motor 15 becomes 
smaller, a motor 15 can give a bigger steering sense of resistance by being in a 
regenerative-braking condition, and steering looser than sudden steering can also 
secure transit stability. 

[0027] Thus, while controlling the output torque of a motor according to the steering 
torque detection value detected by the torque sensor according to the 
above-mentioned example Since acUustable control of the rotational frequency of a 
motor can be carried out according to a vehicle speed detection value and/or a 
burden detection value and these output torque characteristics and a rotational 
frequency property can be chosen according to the property of an application car It 
can become possible to apply the control-force control unit 5 to a wide range type of 



a car, and versatility can be raised. 

[0028] In addition, although this example explained the case where direct detection of 
the loading object load on a fork was carried out by the burden sensor 31, the wheel 
load of a steering wheel is detected and you may make it change a rotational 
frequency corresponding to this wheel load change. Moreover, in this example, 
although DIP switches 4a-4c were applied as a selection means, it is not limited to 
this and input means, such as a jumper and a ten key, can be applied. 
[0029] Furthermore, although this example explained the case where the both sides of 
a speed sensor 21 and the burden sensor 31 were applied, as a run state detection 
means, you may make it omit these either. Although this example described the case 
where steering auxiliary force-control equipment 2 was constituted from a 
microcomputer 10 further again, analog control can also be carried out with the 
application of analog circuits, such as a voltage limiter which restricts a torque 
detection electrical potential difference according to a function generator, the vehicle 
speed, or burden, a Pulse-Density-Modulation circuit to which the output is supplied, 
and a motor drive circuit to which the output is supplied. 

[0030] Moreover, what is necessary is for this invention to be applicable not only to 
this but the fork lift truck of a front-wheel steering mold, and just to set up greatly an 
output current property and a rotational frequency property in this case in this 
example, when there is much burden although the fork lift truck of a rear wheel 
steering mold was explained. 
[0031] 

[Effect of the Invention] As mentioned above, according to the electromotive power 
steering concerning this invention, the output current supplied to a motor according 
to the steering torque detection value of a steering torque detection means is 
controlled. And a run state detection means detects the run state by the vehicle 
speed of a car, burden, etc. Since the rotational frequency of a motor is controlled by 
the control means according to the run state detection value of this run state 
detection means, many output current properties and rotational frequency properties 
are beforehand memorized further to storage and this was chosen with the selection 
means It becomes possible to apply to the type of a car of varieties with one control 
unit, and the effectiveness that versatility can be raised is acquired. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the Fig. corresponding to a claim of this invention. 
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[Drawingillt is the block diagram showing one example of the electromotive power 
steering concerning this invention. 

rp rawing 3] It is the characteristic ray Fig. showing the re.at.on between a steenng 
torque detection value and a motor drive current 

rp rawing 4] It is the characteristic ray Fig. showing the relation between the output 
torque of a motor, a drive current, and a rotational frequency. 
L p rawing5 ] It is the explanatory view showing the storage table showing the re.at.on 
between a car property number and a car condition. 

rprawing 6] It is the flow chart which shows processing of a microcomputer. 
Rawing 7] It is the characteristic ray Fig. showing the relation between steenng 
torque and a sensor output 

FDrawingS] It is the characteristic ray Fig. showing the relation between a sensor 
output and a motor current 

robins 9] It is the characteristic ray Fig. showing the relation between steenng 
torque and a motor current. 
[Description of Notations] 

1 Steering Torque Sensor 

2 Speed Sensor 

3 Burden Sensor 
4a-4c DIP switch 

5 Steering Auxiliary Force-Control Equipment 

1 0 Microcomputer 

1 1 Storage 

14 Motor Drive Circuit 

15 Direct Current Motor 



[Translation done.] 



